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DERXW  JUDPV RI &2 SHU NLORPHWHU :KLOH PDQ\ FDU PDQXIDFWXUHV VWLOO H[FHHG WKH WDUJHW ZLWK DQ DYHUDJH
HPLVVLRQ RI  J&2NP WKH QHZ WDUJHWV IRU  RI J&2NP XUJH WKH DXWRPRELOLVWV WR IXUWKHU UHGXFH
ZHLJKW DQG LPSURYH WKH HQJLQH HIILFLHQFH WR DYRLG ILQDQFLDO SHQDOWLHV >@ 7KH DXWRPRWLYH VHFWRU PDQDJHV WKH
GHFUHDVLQJ &2 HPLVVLRQV E\ LPSURYLQJ WKH OLJKWZHLJKW GHVLJQ DQG RSWLPL]LQJ WKH HIILFLHQF\ RI WKH SRZHUWUDLQ
(VSHFLDOO\ KHDY\ VWUXFWXUDO FRPSRQHQWV DUH UHSODFHG ZLWK OLJKWZHLJKW PDWHULDOV IRU LQVWDQFH KLJKVWUHQJWK
DOXPLQXPDOOR\V+RZHYHUWKHFUDVKUHOHYDQWFRPSRQHQWVZKLFKDUHFUXFLDOIRUSDVVHQJHUVDIHW\OLNH$SLOOHUV%
SLOODUVRU WKH IURQWEXPSHUFDQQRWEH VXEVWLWXWHGGXH WR WKH UHTXLUHGPHFKDQLFDOSURSHUWLHVRI WKHVHFRPSRQHQWV
7KHUHIRUH ZHLJKW UHGXFWLRQ RI WKHVH FRPSRQHQWV LV DFKLHYHG E\ LPSURYLQJ WKH PHFKDQLFDO SURSHUWLHV RI WKH
PDWHULDOHVSHFLDOO\WKHWHQVLOHVWUHQJWKZKLOHVLPXOWDQHRXVO\GRZQVL]LQJWKHP2QHVXLWDEOHPHWKRGWRUHDFKKLJK
PHFKDQLFDO SURSHUWLHV LV KRW VWDPSLQJ RI KLJK VWUHQJWK VWHHO ZKLFK FRPELQHV IRUPLQJ DQG KDUGHQLQJ LQWR RQH
SURFHVV %HFDXVH RI KLJK SURFHVV IRUFHV DW KRW VWDPSLQJ WKH WRRO VXUIDFH DEUDGHV LQ WKH DUHD RIPD[LPDO VWUHVV
ZKLFK UHTXLUHV VRPH VWUHVVDEOH ORFDO DGDSWLRQ RI WKH PLFURKDUGQHVV :LHODQG HW DO >@ LQYHVWLJDWHG WKH ZHDU
EHKDYLRU DORQJ WKH GUDZLQJ GLH RI KRW IRUPLQJ WRROV 7KHUHE\ WKUHH GLIIHUHQW UHSUHVHQWLYH DUHDV RI ZHDU ZHUH
LQYHVWLJDWHGLQRUGHUWRHVWLPDWHWKHORFDOZHDUEHKDYLRU%DVHGRQWKHPD[LPDOORDGZKLFKLQWHUDFWVLQWKHDUHDRI
KLJKHVW FXUYDWXUH WKHPD[LPDOZHDU FDQEH LGHQWLILHG(VSHFLDOO\ IRU ORDGDGDSWHG ORFDO VXUIDFH WUHDWPHQWV ODVHU
EDVHGSURFHVVHVKDYHJDLQHGDQLPSRUWDQWUROHDVWKH\HQDEOHFRQWUROOHGWKHUPDOLQSXWDQGFRQWDFWIUHHWUHDWPHQWV
7KHUHE\VRPHVLPXOWDQHRXVO\PDWHULDOLQSXWLQWRWKHSURFHVV]RQHFDQEHDFKLHYHGWRORFDOO\UHDFKVRPHFKHPLFDO
PRGLILFDWLRQLQGHSHQGHQFHRQWKHUHTXLUHGPLUFRKDUGQHVV
/DVHU EHDP DOOR\LQJ DQG GLVSHUVLQJ DUH VXLWDEOH SURFHVVHV IRU D ORFDO PDWHULDO PRGLILFDWLRQ WR LQFUHDVH WKH
HQGXUDQFH RI KRW IRUPLQJ WRRO VWHHOV LQ SUHVV KDUGHQLQJ SURFHVVHV $ ORFDO PHOWLQJ RI WKH WRRO VXUIDFH DQG D
VLPXOWDQHRXVLQSXWRIDOOR\LQJHOHPHQWVDOORZWKHIRUPDWLRQRIDPLFURVWUXFWXUHZLWKDGDSWHGSURSHUWLHVOLNHDKLJK
PHFKDQLFDOVWUHQJWK>@,QFRPSDULVRQWRODVHUEHDPKDUGHQLQJSURSHUWLHVOLNHKLJKWHPSHUDWXUHDQGFUHHSVWUHQJWK
DV ZHOO DV WKH UHVLVWDQFH DJDLQVW ZHDU DQG VFDOH FDQ DOVR EH LPSURYHG )XUWKHUPRUH WKH PLFURVWUXFWXUH FDQ EH
PRGLILHGWRZDUGVGXFWLOHRUEULWWOHPDWHULDOSURSHUWLHVLQRUGHUWRUHDFKDFRPELQDWLRQRIERWKFKDUDFWHULVWLFVDWRQH
SUHVVKDUGHQLQJWRRODWGLIIHUHQWDUHDV>@3RZGHUEDVHGODVHUDOOR\LQJSURFHVVHVFDQEHSHUIRUPHGLQDVLQJOHVWDJH
ZLWKD VLPXOWDQHRXVSRZGHU IHHGRU LQ DGRXEOHVWDJHZLWKDQXSVWUHDPSRZGHU ILOO >@7KHSRZGHU LQSXW DW WKH
VLQJOHVWDJHSURFHVV LVSHUIRUPHG LQSURFHVVHLWKHUZLWKSXUHHOHPHQWV HJ:0R90QRU&URUZLWKPHWDO
FDUELGHOLNHWXQJVWHQFDUELGHIRU LPSURYHPHQWRIKRWZHDUUHVLVWDQFH>@,Q WKHGRXEOHVWDJHSURFHVVWKHDOOR\LQJ
SRZGHULVGHSRVLWLRQHGE\DVTXHHJHHDQGWKHQGRZQVWUHDPIXVHGZLWKWKHEDVHPDWHULDO%RWKWKHVLQJOHVWDJHDV
ZHOODVWKHGRXEOHVWDJHSURFHVVKDYHWRHQVXUHDKRPRJHQHRXVGLVWULEXWLRQRIWKHDOOR\LQJHOHPHQWVZKLFKFDQEH
LQGXFHGE\DG\QDPLFEHDPRVFLOODWLRQLQRUGHUWRSURYRNHDWXUEXOHQWPHOWIORZ>@7KHGLVDGYDQWDJHVRISRZGHU
EDVHGODVHUDOOR\LQJSURFHVVHVOLNHWKHLQKRPRJHQHRXVPLFURVWUXFWXUHIRUPDWLRQEDVHGRQDGHPL[LQJRIDOOR\LQJ
FRPSRVLWLRQV FRQWDLQLQJ FKHPLFDO HOHPHQWVZLWK GLIIHUHQW GHQVLWLHV HIIHFW WKH QHHG RI D SURFHVV GHYHORSPHQW WR
DYRLG WKHVH GHWULPHQWV >@ 7KHUHIRUH D ZLUH EDVHG ODVHU DOOR\LQJ SURFHVV LQ FRPELQDWLRQ ZLWK D VSDWLDO EHDP
GHIOHFWLRQ LVGHYHORSHG ,QRUGHU WRHQVXUHDKRPRJHQHRXVGLVWULEXWLRQRI WKHDOOR\LQJHOHPHQWVDQG WKXVXQLIRUP
PDWHULDOSURSHUWLHVDFLUFXODUEHDPPRWLRQLVVXSHULPSRVHGWRWKHOLQHDUPRYHPHQWODVHUZKLFKLQGXFHVWXUEXOHQW
PHOWIORZLQWKHSURFHVV]RQH
$W ODVHUEHDPDOOR\LQJSURFHVVHV VRPH IUDFWLRQRI WKHUPDOHQHUJ\ LVFRQGXFWHG LQWR WKH VXEVWUDWHPDWHULDOYLD
WKHUPDOFRQGXFWLRQDQGVWRUHGLQWKHZRUNSLHFHXQWLOWKHWKHUPDOHTXLOLEULXPWRVXUURXQGLQJVLVUHDFKHG'HSHQGLQJ
RQ WKH KHDW FDSDFLW\ DQG WKH WKHUPDO FRQGXFWLYLW\ RI WKH VXEVWUDWHPDWHULDO D FKDUDFWHULVWLF WHPSHUDWXUH JUDGLHQW
GHYHORSVLQWKHVXUURXQGLQJVRIWKHSURFHVV]RQHZKLFKLQGXFHVVRPHFKDQJHVRIWKHPLFURVWUXFWXUHDQGLVQDPHG
DVKHDWDIIHFWHG]RQH+$=2ZLQJWRWKHSRO\PRUSKLVPRILURQLURQFDUERQDOOR\VDUHUDWKHUVHQVLWLYHWRKHDWLQJ
F\FOHVZKLFKFDXVHWHPSHULQJHIIHFWVDQGLQGXFHFKDQJHVRI WKHLUPLFURVWUXFWXUH(VSHFLDOO\DW WKHUPDOSURFHVVHV
OLNH ODVHUPDWHULDO SURFHVVLQJ D ILHOG RI VHYHUDO LVRWKHUPV LV XVHG WR GHVFULEH WKH WHPSHUDWXUH ILHOG LQ WKH FURVV
VHFWLRQ7KHPLFURVWUXFWXUHZKLFKGLUHFWO\ERUGHUVWKHVROLGLILFDWLRQIURQWLVEHORZVROLGLILFDWLRQWHPSHUDWXUHEXW
VLJQLILFDQWO\ DERYH WUDQVLWLRQ WHPSHUDWXUH$F DQG VXEMHFW WR FRDUVHQLQJ 7KH VXEVHTXHQW FRROLQJ LQGXFHV VRPH
SKDVHWUDQVIRUPDWLRQLQWREDLQLWHDQGPDUWHQVLWHHVSHFLDOO\DWWKHERXQGDULHVRIWKHDXVWHQLWHJUDLQV'HSHQGHQWRQ
WKHFRROLQJUDWHWKHH[WHQWRIWKHVHSKDVHVYDULHVEXWOHDGVWRVRPHKDUGQHVVLQFUHDVH>@:LWKIXUWKHUGLVWDQFHIURP
WKHPHOWSRROWKHPLFURVWUXFWXUHLVH[SRVHGWRWHPSHUDWXUHVEHORZ$FDQGFRQVHTXHQWO\VXEMHFWWRWHPSHULQJ$W
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WHPSHUDWXUHV EHWZHHQ & DQG & FDUERQ LV SUHFLSLWDWHG IURP WKHPDUWHQVLWH SKDVH DQG IRUPV İFDUELGHV
)XUWKHUPRUH WKH GLVWRUWLRQ RI WKH ODWWLFH LV UHGXFHG ZKLFK FRPHV DORQJ ZLWK GHFUHDVLQJ KDUGQHVV 7KHUHE\ WKH
WHWUDJRQDOPDUWHQVLWH WUDQVIRUPV LQWR OHVVGLVWRUWHGFXELFPDUWHQVLWHE\SUHFLSLWDWLQJFDUERQ:LWK WHPSHUDWXUHV LQ
H[FHVVRI&ZKHUHDWFDUERQGURSVRXWRIWKHGLVWRUWHGPDUWHQVLWHSKDVHIHUULWDQGFHPHQWLWH)H&LVIRUPHG
E\İFDUELGHV7KLVOHDGVWRVRPHIXUWKHUGHFUHDVHRIKDUGQHVV>@$FFRUGLQJWR>@VRPHGRZQVWUHDPHGODVHUEHDP
WHPSHULQJ SURFHVVHV DUH XVHG WR DGMXVW WKH PHFKDQLFDO SURSHUWLHV RI SUHVV KDUGHQHG SDUWV ORFDOO\ 7KHUHE\ WKH
PLFURVWUXFWXUHLVWHPSRUDU\KHDWHGXSWR&ZKLFKLQGXFHVWKHGLVVROXWLRQRIWKHPDUWHQVLWLFPLFURVWUXFWXUHDQG
UHGXFHVWKHPLFURKDUGQHVVIURP+9WR+9+HQFHWKHHOHDVWLFSODVWLFSURSHUWLHVLQGHWDLOWKHXOWLPDWH
VWUDLQRIWKHPDWHULDOFDQEHLQFUHDVHG
(VSHFLDOO\DWODVHUEHDPDOOR\LQJSURFHVVHVRIDUHDVPXOWLSOHVLQJOHOLQHVDUHFRPELQHGZLWKGHILQHGRYHUODSSLQJ
WR FUHDWH D FRQWLQXRXV OD\HU(VSHFLDOO\ WKH FRROLQJEHKDYLRU RI WKH SURFHVVLQJ ]RQHPDLQO\ GHSHQGV RQ WKH KHDW
FDSDFLW\RIWKHPDWHULDOWKHYROXPHRIWKHPHOWDQGWKHSURFHVVLQJWLPHIRUODVHUEHDPDOOR\LQJ7KHWLPHEHWZHHQ
WKHSURFHVVLQJRIWZRSDUDOOHOOLQHVPDLQO\GHSHQGVRQWKHSUHVHWOHQJWKRIWKHDOOR\LQJOLQHVDVWKHVWDUWLQJSRLQWRI
HDFKOLQHLVWKHVDPHH[FHSWRIDODWHUDOGLVSODFHPHQW7KHSUHSRVLWLRQLQJRIWKHVSHFLPHQHQDEOHVVRPHFRROLQJRI
PRGLILHGPLFURVWUXFWXUH WRDVSHFLILFKROGLQJ WHPSHUDWXUHXQWLO WKHSURFHVV LV UHVWDUWHGDW WKHVWDUWLQJSRLQWRI WKH
VXEVHTXHQWOLQH'XHWRWKHSURFHVVVWUDWHJ\DQGWKHUPDOFRQGXFWLYLW\RIWKHVSHFLPHQWKHKROGLQJWHPSHUDWXUHRI
SUHYLRXVOLQHVFDQQRWEHDVVXPHGWREHFRQVWDQWIRUHYHU\DOOR\LQJOLQH>@'HSHQGLQJRQWKHGLPHQVLRQVRIWKH
DOOR\LQJ DUHDV VRPH FRROLQJ WR URRP WHPSHUDWXUH RI WKH VXEVWUDWH FDQ RFFXU (VSHFLDOO\ ODUJHU YROXPHV DFW DV
HIIHFWLYHKHDWVLQNV ,QDGGLWLRQ ORQJHUGLVWDQFHV WKDWPXVWEHFRYHUHG IDFLOLWDWH IDVWFRROLQJRI WKHPDWHULDO7KH
UHZDUPLQJ RI DOOR\HG PLFURVWUXFWXUHV LQGXFHV VRPH WHPSHULQJ DQG GHFUHDVHV WKH PLFURKDUGQHVV ORFDOO\ ZKLFK
QHJDWLYHO\DIIHFWVWKHPHFKDQLFDOSURSHUWLHVRIPRGLILHGVXUIDFHV7RLQYHVWLJDWHWKHFRUUHODWLRQEHWZHHQWKHHQHUJ\
LQSXWSHUXQLWOHQJWKDQGWKHSURFHVVWLPHZKLFKLQGXFHVVRPHVSHFLILFKROGLQJWHPSHUDWXUHGLIIHUHQWVWUDWHJLHVZLWK
YDULRXVFRROLQJWLPHVEHWZHHQWKHSURFHVVLQJRIWZRDOOR\LQJOLQHVDUHDSSOLHG(VSHFLDOO\WKHFRROLQJEHKDYLRULQ
GHSHQGHQFH RQ WKH DOOR\LQJ VWUDWHJ\ LV RI LQWHUHVW WR HQVXUH VRPH VSHFLILF KROGLQJ WHPSHUDWXUH DQG DYRLG WKH
GHJUDGDWLRQRIPHFKDQLFDOSURSHUWLHVRIDOUHDG\SURFHVVHGPLFURVWUXFWXUH,QGHWDLODQXPHULFDOWKHUPDOVLPXODWLRQ
LV GHYHORSHG WR LQYHVWLJDWH WKH WHPSHUDWXUH SURILOH LQVLGH WKH VSHFLPHQ %DVHG RQ WKH UHVXOWV RI WKH WKHUPDO
VLPXODWLRQ WKHUHTXLUHGHQHUJ\ LQSXWSHUXQLW OHQJWKIRUYDULRXVSURFHVVDUHDVZLOOEH LGHQWLILHG LQRUGHU WRDYRLG
FRROLQJRIWKHDOUHDG\SURFHVVHGPLFURVWUXFWXUHEHORZVSHFLILFWHPSHUDWXUHYDOXHVXQWLOWKHSURFHVVLVUHVWDUWHGDWWKH
IROORZLQJ SDUDOOHO OLQH %DVHG RQ WKHVH UHVXOWV GLIIHUHQW SURFHVV VWUDWHJLHV DUH GHYHORSHG WR HQVXUH WKH FRUUHFW
SURFHVVFRQWUROZLWKRXWSHQDOWLHVRIPLFURKDUGQHVVLQWKHSURFHVVHGVWUXFWXUH
([SHULPHQWDO6HWXS
)RU WKH DOOR\LQJSURFHVV D GLRGHSXPSHG<E<$* ILEHU ODVHUZLWK D QRPLQDO RXWSXW SRZHU RI N: IHDWXULQJ D
ZDYHOHQJWKRIQPLVXVHG7KHODVHUVRXUFHSURGXFHVDKLJKEHDPTXDOLW\ZLWKDVLQJOHPRGHEHDPGLYHUJHQFH
0ð7KHH[SHULPHQWVZHUHSHUIRUPHGZLWKDQRXWSXWSRZHURI:ZKHUHDWWKHIRFDOSODQHRIWKHODVHU
EHDP ZDV SRVLWLRQHG RQ WKH VSHFLPHQ VXUIDFH ,Q RUGHU WR HQVXUH D KRPRJHQHRXV GLVWULEXWLRQ RI WKH DOOR\LQJ
HOHPHQWVDWXUEXOHQWPHOWIORZLVLQGXFHGE\DFLUFXODUODVHUEHDPRVFLOODWLRQ7KHODVHUEHDPPRWLRQLVUHDOLVHGLQ
WZRGLPHQVLRQVXVLQJDJDOYDQRPHWULFVFDQQLQJRSWLFVZKLFKIHDWXUHVDPLQLPDOVSRWGLDPHWHURIDERXWPDQG
SHUIRUPVFLUFXODUPRYHPHQWVLQFORFNZLVHGLUHFWLRQZLWKDIL[HGRVFLOODWLRQIUHTXHQF\RI+]DWDQDPSOLWXGHRI
PP)RUODVHUEHDPDOOR\LQJRIVXEVHTXHQWOLQHVDFHQWHUGLVWDQFHRIPLOOLPHWHULVXVHG)XUWKHUPRUHWKH
EDVH PDWHULDO SODWH PDQXIDFWXUHG RXW RI KRW VWDPSLQJ VWHHO:39 IHDWXUHV D WKLFNQHVV RI PP D OHQJWK RI
PPDQGDZLGWKRIPP7KHVSHFLPHQDUHIL[HGE\DFODPSLQJGHYLFHZKLFKLVSRVLWLRQHGDWWKHWRSRID[\
D[LVFURVV WDEOHDQGPRYHGZLWKDQD[LVVSHHGRIPPVERWK IRUDOOR\LQJDQGIRU UHSRVLWLRQLQJ7KHILOOHUZLUH
1L0R&U SURGXFHG E\ $/812; IHDWXUHV VXLWDEOH DOOR\LQJ HOHPHQW FRQFHQWUDWLRQV LQ RUGHU WR LPSURYH WKH
PLFURKDUGQHVVRIKRWIRUPLQJWRROVWHHOV7KHFKHPLFDOFRPSRVLWLRQVRIWKHEDVHPDWHULDODQGILOOHUZLUHDUHVKRZQ
LQ7DEOH






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
7DEOH&KHPLFDOFRPSRVLWLRQRIEDVHPDWHULDO:39DQGWKHILOOHUZLUH1L0R&U>@>@
0DWHULDO &>ZW@
&U
>ZW@
0R
>ZW@
9
>ZW@
0Q
>ZW@
1L
>ZW@
6L
>ZW@
%DVHPDWHULDO:39       
)LOOHUZLUH1L0R&U       

7KHILOOHUPDWHULDOIHDWXULQJDGLDPHWHURIPPLVJXLGHGLQWRWKHSURFHVV]RQHXVLQJDIHHGLQJXQLW)'/6
:%E\',16(ZKLFKFRQWUROVWKHIHHGLQJYHORFLW\DQGDIHHGLQJQR]]OHZKLFKLVSRVLWLRQHGLQGHSHQGHQWIURPWKH
VSHFLPHQPRYHPHQW7KHORQJLWXGLQDOD[LVRIWKHZLUHIHHGLQJQR]]OHLVLQDOLJQPHQWZLWKWKHSURFHVVGLUHFWLRQDQG
HQFORVHVDQDQJOHȽRIWRWKHVSHFLPHQVXUIDFH)RUWKHH[SHULPHQWVDOLQHPDVVRIJPLVXVHGWRUHDFKWKH
PDWHULDO VSHFLILF WDUJHW DOOR\LQJ FRQFHQWUDWLRQ ZKHUHDW WKH PD[LPXP KDUGQHVV LQFUHDVH RI DERXW  XS WR
+9UHVXOWV7RDYRLGWKHLQIOXHQFHRIDWPRVSKHULFJDVHVRQWKHVXUIDFHRIWKHPHOWSRRODQDUJRQVKLHOGLQJ
JDV DWPRVSKHUH LV JHQHUDWHG ZLWK D UDWH RI OPLQ )LJ  VKRZV WKH VFKHPDWLF GHVFULSWLRQ RI WKH ODVHU EHDP
DOOR\LQJSURFHVVLQFOXGLQJWKHG\QDPLFEHDPRVFLOODWLRQ


)LJ6FKHPDWLFGHVFULSWLRQRIODVHUEHDPDOOR\LQJSURFHVV
,Q RUGHU WR DSSUDLVH WKH WHPSHUDWXUH GLVWULEXWLRQ LQ WKH VSHFLPHQ HVSHFLDOO\ LQ WKH KHDW DIIHFWHG ]RQH DW ODVHU
EHDP DOOR\LQJ RI PXOWLSOH OLQHV D ILQLWH HOHPHQW VLPXODWLRQ LV FRQGXFWHG LQ &2062/ 0XOWLSK\VLFV 7KH
QXPHULFDO VLPXODWLRQ LV LPSOHPHQWHGZLWKRXW ILOOHU ZLUH VLQFH RQO\ WKH WKHUPDO WHPSHUDWXUH GLVWULEXWLRQV LQ WKH
VSHFLPHQDUHRISDUWLFXODU LQWHUHVW%HFDXVHRIRQO\ VPDOOPDWHULDO LQSXWQRHVVHQWLDO FKDQJHV LQ WKH WHPSHUDWXUH
GLVWLEXWLRQDUHH[SHFWHG7KHSDUDPHWHUIURPWKHH[SHULPHQWDOLQYHVWLJDWLRQVDUHXVHGWRFDOFXODWHWKHUHVXOWLQJKHDW
GLVWULEXWLRQLQWKHQXPHULFDOVLPXODWLRQ
7KHPDMRU DVVXPSWLRQV RI WKH QXPHULFDO VLPXODWLRQV DUH LPSOHPHQWHG VLPLODU WR WKH RQH MXVWLILHG LQ >@ 7R
DGMXVWWKHUHVXOWVRIQXPHULFDOVLPXODWLRQVWRWKHH[SHULPHQWWKHVKDSHRIWKHPRGLILHGWUDFNZKLFKLVGHWHUPLQHGDW
FURVVVHFWLRQVWRWKHH[WHQWRIWKHLVRWKHUPVWKHDEVRUSWLRQRIWKHODVHUEHDPDWWKHPDWHULDOLVDGDSWHGWR$VLW
FDQEHVHHQLQ)LJDFLUFXODUEHDPPRWLRQLVVXSSRVHGWR WKHOLQHDUPRYHPHQWRI WKHVSHFLPHQWRQXPHULFDOO\
FDOFXODWHWKHUHVXOWLQJWHPSHUDWXUHGLVWULEXWLRQLQWKHFURVVVHFWLRQ,QWKHQXPHULFDOPRGHOERXQGDU\FRQGLWLRQVRI
WKH RVFLOODWLRQZHUH VHW FRQVWDQW DW DQ DPSOLWXGHRI PLOOLPHWHU DQG D IUHTXHQF\RI +]ZKLFK UHVXOWV LQ DQ
DOOR\LQJGHSWKRIDERXWPLOOLPHWHU

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
)LJ6FKHPDWLFGHVFULSWLRQRIWKHQXPHULFDOVLPXODWLRQPRGHOLQFOXGLQJWKHLOOXVWUDWHGFLUFDOEHDPRVFLOODWLRQLQWKHSURFHVV]RQH'LPHQVLRQV
RIWKHVSHFLPHQO PPZ PPK PP3/ :Y6 PPV¡$ PPI +]] 
,QRUGHU WR DVVXPH WKH FURVV VHFWLRQRI WKH DOOR\LQJ OLQH D KHDW VRXUFHZLWK D W\SLFDO VKDSHRI WKHNH\KROH LV
LPSOHPHQWHGZKLFKUDGLDOO\VFDWWHUVWKHWKHUPDOHQHUJ\ZLWKDOLQHDUGLVWULEXWLRQLQWRWKHVSHFLPHQ7KHOHQJWKRI
WKH KHDW VRXUFH LV DGMXVWHG WR  PLOOLPHWHU LQ RUGHU WR UHDFK WKH LGHQWLFDO PHOWLQJ GHSWK DFFRUGLQJ WR WKH
H[SHULPHQWV7KHVLPXODWLRQGRHVQRWLQFOXGHWKHFKDQJHVRIYLVFRVLW\FDXVHGE\PHOWLQJZKLFKPHDQVWKDWQRPHOW
IORZFDQEH VLPXODWHG ,QDGGLWLRQ VRPHRFFXUULQJ WHPSHUDWXUH ULVHZKLFK LVEDVHGRQ WKH IOXLGG\QDPLFVRI WKH
PHOWDUHQHFOHWHG
)XUWKHUPRUHWKHHQWKDOSLHRIIXVLRQIRUVWHHO+IXV N-NJZKLFKUHSUHVHQWVWKHQHFHVVDU\DPRXQWRIHQHUJ\
WRHQDEOHWKHSKDVHWUDQVLWLRQRIILUVWRUGHULVLPSOHPHQWHGDWWKHSKDVHERXQGDULHVZLWKLQDPHOWLQJUDQJHRI&
>@$FFRUGLQJWR>@WKHLQWHUYDOEHWZHHQWKHVROLGXVDQGOLTXLGXVWHPSHUDWXUHLVDOVRVHWWR.IRUFRQYHUJHQFH
RI WKHQXPHULFDOVLPXODWLRQ,QDGGLWLRQ LWVKRXOGEHQRWHG WKDW WKHLQIOXHQFHRIVKLHOGLQJJDVLVQHJOHFWHGEXWD
JHQHUDOLQWHJUDWHGFRQYHFWLYHFRROLQJRIWKHFRPSRQHQWV&URRPWHPSHUDWXUHLVFRQVLGHUHGLQWKHVLPXODWLRQ
7KHSK\VLFDOSURSHUWLHVRIWKHKRWVWDPSLQJVWHHO:39XVHGLQWKHQXPHULFDOFDOFXODWLRQVDUHOLVWHGLQ7DEOH

7DEOH,PSRUWDQWWKHUPRSK\VLFDOSURSHUWLHVRIWKHEDVHPDWHULDO:39>@
0DWHULDO3URSHUW\  9DOXH  8QLW
'HQVLW\ į  JFPñ
6SHFLILFKHDWFDSDFLW\ &3  -J.
7KHUPDOFRQGXFWLYLW\ Ȝ  :P.
7KHUPDOH[SDQVLRQ Ƚ  .
/DWHQWKHDWRIIXVLRQ>@ +IXV  N-NJ

,Q RUGHU WR DSSUDLVH WKH WHPSHUDWXUH GLVWULEXWLRQ LQ WKH VSHFLPHQ HVSHFLDOO\ LQ WKH KHDW DIIHFWHG ]RQH
WKHUPRFRXSOHVDUHSRVLWLRQHGFRKHVLYHO\LQERUHKROHVDWWKHERWWRPRIWKHDOOR\LQJWUDFNWRYDOLGDWHWKHQXPHULFDO
VLPXODWLRQ7KHUHIRUH WKH WKHUPRFRXSOHVDUH IL[HGFRKHVLYHO\XVLQJ VRPHDUFZHOGLQJSURFHVV LQRUGHU WR HQVXUH
PD[LPDOWKHUPDOFRQGXFWLYLW\7KHILUVWWKHUPRFRXSOHLVSRVLWLRQHGLQWKHKHDWDIIHFWHG]RQHDWWKHERWWRPVLGHRI
WKH DOOR\LQJ WUDFNRQH PLOOLPHWHU DIWHU WKH VWDUWLQJSRLQW RI OLQHRQH$GGLWLRQDOO\ RQH IXUWKHU WKHUPRFRXSOH LV
SRVLWLRQHGLQWKHKHDWHIIHFWHG]RQHRIWKHEDVHPDWHULDOVHH)LJWRPRQLWRUHWKHWHPSHUDWXUHULVHRIWKHVSHFLPHQ
HVSHFLDOO\IRUODVHUEHDPDOOR\LQJRIPXOWLSOHOLQHV)LJVKRZVDVFKHPDWLFGHVFULSWLRQRIWKHH[SHULPHQWDOVHWXS
LQFOXGLQJWKHGHWDLOHGSRVLWLRQVRIWKHWKHUPRFRXSOHDQGWKHPHDVXUHPHQWLQVWUXPHQWZKLFKORJVWHPSHUDWXUHVDWD
IUHTXHQF\RI+]

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
)LJ6FKHPDWLFGHVFULSWLRQRIWHPSHUDWXUHPHDVXUHPHQWLQWKHKHDWDIIHFWHG]RQHLQERUHKROHVDWWKHVSHFLPHQVXUIDFHGXULQJODVHUEHDP
DOOR\LQJRIPXOWLSOHOLQHV/HIWWRSYLHZ5LJKWFURVVVHFWLRQ
,QGHSGHQGDQFHRIWKHHQHUJ\LQSXWSHUXQLWOHQJWKHVSHFLDOO\WKHSURFHVVYHORFLW\WKHUHPDLQLQJGLVWDQFHGRI
WKH EDVH PDWHULDO ZLWKLQ WKH SURFHVV ]RQH DQG WKH WKHUPRFRXSOH GLIIHUV 7KH PHDVXUHG WHPSHUDWXUH YDOXHV IRU
GLIIHUHQWFRROLQJWLPHVDVZHOODVWKHUHPDLQLQJGLVWDQFHEHWZHHQWKHERWWRPRIWKHDOOR\LQJWUDFNDQGWKHSRVLWLRQRI
WKHWKHUPRFRXSOHZKLFKZHUHGHWHUPLQHGLQFURVVVHFWLRQVDUHGLVFXVVHGDQGOLVWHGLQFKDSWHU
5HVXOWVDQG'LVFXVVLRQ
,Q RUGHU WR LQYHVWLJDWH WKH LQIOXHQFH RI GLIIHUHQW DOOR\LQJ VWUDWHJLHV RQ WKH UHVXOWLQJPHFKDQLFDO SURSHUWLHV RI
ODPLQDU DOOR\HG WRRO VXUIDFHV WKHPHWDOOXULJDO VWUXFWXUH LQ GHSHQGHQFH RI GLIIHUHQW FRROLQJ EHKDYLRU LV DQDO\VHG
$OVRWKHFRROLQJEHKDYLRURIDOOR\HGOLQHVIRUGLIIHUHQWHQHUJ\LQSXWVSHUXQLWOHQJWKLVLQYHVWLJDWHG)LJGLVSOD\V
WKHKRUL]RQWDOKDUGQHVVSURILOHVRIWKHVSHFLPHQWKDWFRROHGGRZQWRURRPWHPSHUDWXUHEHIRUHSURFHVVLQJWKHVHFRQG
OLQHULJKWDVZHOODVWKHKDUGQHVVSURILOHRIWZRDOOR\LQJOLQHVZLWKKROGLQJWHPSHUDWXUHDWWKHUHVWDUWRIWKHSURFHVV
OHIWIRUDSURFHVVWLPHRIVHFRQGVLQFOXGLQJWKHWLPHIRUSUHSRVLWLRQLQJRIVHFRQGV


)LJ+RUL]RQWDOKDUGQHVVSURILOHRIDQDOOR\HGGRXEOHOLQHLQWKHFURVVVHFWLRQV/HIW+ROGLQJWHPSHUDWXUHEHWZHHQWKHSURFHVVLQJRIWKHWZR
OLQHVDWDWRWDOSURFHVVWLPHLQFOXGLQJWKHSUHSRVLWLRQLQJRIVHFRQGVIRUHDFKOLQH5LJKW6SHFLPHQZLWKFRROLQJWRURRPWHPSHUDWXUHEHWZHHQ
SURFHVVLQJRIWZROLQHV3/ :Y6 PPV¡$ PPI +]¡' PPP JPY): PPV/LQHRIIVHW PP
$UJRQ] 
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$IWHU ODVHUEHDPDOOR\LQJRI WKH ILUVW OLQH WKH IXVHGPDWHULDO LQ WKHSURFHVV]RQHVROLGLILHVDQGIHDWUXUHV VRPH
VSHFLILF FRROLQJ EHKDYLRXU 6LQFH WKH WKHUPDO FRQGXFWLYLW\ RI VWHHO LV KLJK HQRXJK WKH KHDW DIIHFWHG ]RQH LV
WHPSHUHG DFFRUGLQJ WR WKH H[LVWLQJ WHPSHUDWXUH GLVWULEXWLRQ DQG UHGXFHV WKH PLFURKDUGQHVV IURP +9 WR
DERXW +9 ,Q FDVH RI VRPH FRPSOHWH FRROLQJ WR URRP WHPSHUDWXUH WKH WKHUPDO HQHUJ\ LQSXW GXULQJ ODVHU
EHDPDOOR\LQJRIWKHVXEVHTXHQWOLQHLQGXFHVVRPHUHZDUPLJRIWKHILUVWOLQH)XUWKHUPRUHWKHKHDWDIIHFWHG]RQHRI
DOOR\LQJ OLQH WZRLV ORFDWHG LQ WKHSUHYLRXV OLQHVRWKDWVRPHKDUGQHVVGHFUHDVH WRDERXW+9UHVXOWV LQ OLQH
RQH VHH)LJ  ULJKW 3URYLGLQJ WKDW VRPH KROGLQJ WHPSHUDWXUH LQ OLQH RQH FDQEH HQVXUHG WKHPLFURKDUGQHVV RI
DERXW+9LQWKHDOOR\HGVWUXFWXUHOLQHRQHFDQEHUHPDLQHG)URPDPHWDOOXUJLFDOSRLQWRIYLHZWKLVFDQEH
H[SODLQHG DV IROORZV 7KH DXVWHQLWH JUDLQV RI WKHPLFURVWUXFWXUHZKLFK GLUHFWO\ ERUGHUV WKHPHOW SRRO LV EHORZ
PHOWLQJWHPSHUDWXUHEXWVLJQLILFDQWO\DERYH$FWHPSHUDWXUHILQLVKLQJRIDXVWHQLWL]LQJ7KLVLQGXFHVVRPHSKDVH
WUDQVIRUPDWLRQ LQWR EDLQLWH DQGPDUWHQVLWH DW WKH ERXQGDULHV RI DXVWHQLWH JUDLQV DQG LQGXFH VRPH VPDOO KDUGQHVV
LQFUHDVH:LWK LQFUHDVLQJ GLVWDQFH IURP WKHPHOW SRRO WKHPLFURVWUXFWXUH LV H[SRVHG WR WHPSHUDWXUHV EHORZ$F
WHPSHUDWXUH ZKLFK LQGXFHV VRPH WHPSHULQJ ZKLFK LV GLVFXVVHG VXFFHVVLRQDO ,I VRPH KROGLQJ WHPSHUDWXUH LQ
SUHYLRXVOLQHFDQEHHQVXUHGQRWHPSHULQJHIIHFWRIWKHPLFURVWUXFWXUHLVYLVLEOHVHH)LJOHIW&RPSDUHGWRWKH
VSHFLPHQWKDWFRROHGGRZQWRURRPWHPSHUDWXUHEHIRUHDOOR\LQJWKHVXEVHTXHQWOLQHVRPHWHPSHULQJHIIHFWLQWKH
ILUVW OLQH FDQ EH UHFRJQL]HG +RZHYHU D GLVWLQFW GDUNHU VWULSH ZKLFK SRLQWV WR VHJUHJDWLRQV DQG IHDWXUHV VRPH
GHFUHDVHG PLFURKDUGQHVV DULVHV $V FDQ EH VHHQ WKH LPSURYHG SURSHUWLHV RI WKH ILUVW OLQH KDYH EHHQ DGYHUVHO\
DIIHFWHGWRDJUHDWH[WHQWE\WKHIROORZLQJOLQH,QGHWDLOWKHKDUGQHVVLVUHGXFHGWRDERXW+9LQWKHRXWVLGH
UDQJHRIWKHKHDWDIIHFWHG]RQHZLWKHYHQORZHUYDOXHVRIDSSUR[LPDWHO\+9ZKLFKIRUPWKHORFDOKDUGQHVV
PLQLPXP
(VSHFLDOO\DWWHPSHUDWXUHVEHWZHHQ&DQG&FDUERQLVSUHFLSLWDWHGIURPWKHPDUWHQVLWHSKDVHDQGIRUPV
İFDUELGHVWKXVWKHGLVWRUWLRQRIWKHODWWLFHLVUHGXFHGDVZHOODVWKHKDUGQHVV%\SUHFLSLWDWLQJFDUERQWKHWHWUDJRQDO
PDUWHQVLWHWUDQVIRUPVWROHVVGLVWRUWHGFXELFPDUWHQVLWHZKLFKUHVXOWVLQKDUGQHVVYDOXHVRIDERXW+9LQWKH
ULJKW KDOI RI WKH ILUVW OLQH $W WHPSHUDWXUHV EHWZHHQ & DQG & PRUH FDUERQ GURSV RXW RI WKH GLVWRUWHG
PDUWHQVLWLFSKDVHZKLFKLVLQWXUQWUDQVIRUPHGLQWRIHUULWHDQGUHVLGXDOİFDUELGHV>@7KLVOHDGVWRVRPHIXUWKHU
GHFUHDVH LQ PLFURKDUGQHVV DQG LV QDPHG KDUGQHVVQRWFK VHH )LJ  ULJKW 7KXV LW FDQ EH FRQFOXGHG WKDW WKH
SURFHVVLQJRIFRQVHFXWLYHOLQHVZLWKVSHFLILFKROGLQJWHPSHUDWXULQGXFHVVRPHWHPSHULQJRIWKHSULRUOLQHIHDWXULQJ
VRPHVRPHLQKRPRJHQHRXVKDUGQHVVSURILOH
'XH WR WKHPHWDOOXUJLFDO DQGPHFKDQLFDOGLIIHUHQFHVRIERWKGRXEOH OLQHV DGHWDLOHGDQDO\VLVRI WKH WHPSHULQJ
HIIHFWLVSHUIRUPHG2QFHDKROGLQJWHPSHUDWXUHUHPDLQVLQWKHSUHYLRXVOLQHVWKHDFFXPXODWLRQRIFDUERQRQODWWLFH
GHIHFWV FDQ QRW EH IXOO\ FRPSOHWHG ZKLFK W\SLFDOO\ WDNHV SODFH DW WHPSHUDWXUHV EHORZ & )XUWKHUPRUH WKH
FDUERQ DWRPV FRXOG QRW FRPSOHWHO\ HVFDSH IURP WKH FRHUFLYH VROXWLRQ WR HQDEOH FRPSOHWH FRQYHUVLRQ RI WKH
WHWUDJRQDO VWUDLQHGPDUWHQVLWH LQWRFXELFPDUWHQVLWH0RUHRYHU WKH IRUPDWLRQRI ഍FDUELGHVFDQQRWEHFRPSOHWHG
EHFDXVH WKH WHPSHUDWXUH GHFUHDVH GRHV QRW GHFHHG EHORZ & DW D SURFHVV WLPH RI  VHFRQGV LQFOXGLQJ WKH
SUHSRVLWLRQLQJWLPH WR WKHQH[W OLQHSRVLWLRQ7KHVH WZRFRQYHUVLRQVWDJHVDUHHVVHQWLDO IRU WKHKDUGQHVVGHFUHDVH
ZKLFK LV EDVHG RQ WKH WUDQVIRUPDWLRQ RI ഍FDUELGHV DV ZHOO DV WKH GLIIXVLRQ LI FDUERQ WKH JUDLQ ERXQGDULHV 7R
LOOXVWUDWHWKHGLIIHUHQWPHWDOOXUJLFDOPLFURVWUXFWXUHVIRUPWKHDOOR\LQJOLQHWRWKHKHDWDIIHFWHG]RQHVRPHGHWDLOHG
PHWDOOXUJLFDODQDO\VLVLVJLYHQE\D6(0SLFWXUHZKLFKLVVKRZQLQ)LJ

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
)LJ0LFURVHFWLRQRIWKHWUDQVLWLRQ]RQHEHWZHHQWKHDOOR\HGPLFURVWUXFWXUHOHIWKDOIRIWKHFURVVVHFWLRQDQGWKHKHDWDIIHFWHG]RQHLQWKHEDVH
PDWHULDOULJKWKDOIRIWKHFURVVVHFWLRQ
'XULQJ VROLGLILFDWLRQ D GHQWULFWLF PLFURVWUXFWXUH LV IRUPHG DW ERWK VROLGLILFDWLRQ IURQWV WR WKH FHQWHU RI WKH
DOOR\LQJOLQH7KXVWKHVROLGLILFDWLRQWDNHVSODFHIURPERWKVROLGLILFDWLRQIURQWVWRWKHFHQWHUZKLFKW\SLFDOO\IRUPV
GHQWULWLFPLFURVWUXFWXUHIHDWXULQJVRPHDQXODU\RULHQWDWLRQWRWKHFHQWHURIWKHDOOR\LQJOLQH'LUHFWO\ERUGHULQJWKH
DOOR\HGPLFURVWUXFWXUHWKHKHDWFRQGXFWLRQLQGXFHVWHPSHUDWXUHVDERYH$FOLQHVRWKDWFRPSOHWHDXVWHQLWLVLQJFDQ
EH VXSSRVHG%HFDXVHRIKLJK UHVXOWLQJFRROLQJ UDWHV DPDUWHQVLWLFPLFURVWUXFWXUHZLWKD VSHFXODU VXEVWUXFWXUH LV
IRUPHGZKLFKLVPDSSHGLQWKHULJKWKDOIRI)LJ%\PHDQVRIWKHPDUWHQVLWLFPLFURVWUXFWXUHQRFDUERQGLIIXVLRQ
FDQEHVXJJHVWHGZKLFK LQGXFHVKLJKPLFURKDUGQHVV:LWKGHFUHDVLQJ WHPSHUDWXUHV LQ WKHKHDWDIIHFWHG]RQH WKH
FXELFPDUWHQVLWHGHSOHWHVRQFDUERQZKLFKLVLOOXVWUDWHGLQ)LJ7KLVPHWDOOXUJLFDOHIIHFWUHSUHVHQWVWKHFRPSOHWH
FRROLQJRIDOOR\HGPLFURVWUXFWXUHWRURRPWHPSHUDWXUHZKLFKW\SLFDOO\GHPDQGVVRPHKLJKHUSHULRGRIWLPH

)LJ0LFURVHFWLRQRIWKHKHDWDIIHFWHG]RQHLQSUHYLRXVDOOR\HGOLQHV*UDLQERXQGDU\PLFURVWUXFWXUHLQWKHUHJLRQRIPLQLPDOKDUGQHVV
(VSHFLDOO\DWWHPSHUDWXUHVDERYH&FDUERQOHDYHVWKHGLVWRUWHGPDUWHQVLWLFODWWLFHDQGGLIIXVHVWRWKHJUDLQ
ERXQGDULHV7KLVFDXVHVWKHUHOD[DWLRQRIWKHWHWUDJRQDOGLVWRUWHGPDUWHQVLWLQWRWKHFXELFPDUWHQVLWHDQGİFDUELGHV
*UDLQERXQGDULHV
$OOR\HGVHFWLRQ
Î'HQWULWLF
PLFURVWUXFWXUH
+HDWDIIHFWHG=RQH
Î0DUWHQVLWLF
PLFURVWUXFWXUH
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IHDWXULQJVRPHUHGXFHGPLFURKDUGQHVVRIDERXW+9$GGLWLRQDOO\WKHGDUNFRORUDWLRQRIWKHPLFURVWUXFWXUHLQ
DOOR\LQJOLQHLQGLFDWHVWRWKHIRUPDWLRQRIEODFNPDUWHQVLWH&RQVHTXHQWO\WKHPHWDOOXUJLFDOSKHQRPHQDDWGLIIHUHQW
SRVLWLRQV LQ WKHKHDWDIIHFWHG]RQHZKLFK LV ORFDWHG LQ OLQHFDQQRWEHDVVLJQHG WR VRPHEHXQLTXH WHPSHUDWXUH
VLQFHVRPHWHPSHUDWXUHSURILOHDIIHFWVWKHWHPSHULQJRIWKHPLFURVWUXFWXUH)XUWKHUPRUHWKHLQWHQVLYHHWFKLQJRIWKH
PLUFRVWUXFWXUH LQGXFHV WKH GLVVROXWLRQRI WKH FDUERQ FRQWDLQLQJ JUDLQ ERXQGDULHV FRQVHTXHQWO\ VRPH RSHGJUDLQ
ERXQGDU\VWUXFWXUHUHPDLQV
%DVHGRQ WKHSURFHVVSDUDPHWHUVGXULQJ ODVHUEHDPDOOR\LQJRIFRQVHFXWLYH OLQHV WKH WHPSHUDWXUHGLVWULEXWLRQ
HVSHFLDOO\ WKH KROGLQJ WHPSHUDWXUH RI WKH DOUHDG\ SURFHVVHG OLQHV LQIOXHQFHV WKH PHWDOOXUJLFDO DQG PHFKDQLFDO
SURSHUWLHVRIWKHPRGLILHGPLFURVWUXFWXUH,QRUGHUWRHVWLPDWHWKHWKHUPDOORDGRIWKHKHDWDIIHFWHG]RQHGXULQJODVHU
EHDPDOOR\LQJRIFRQVHFXWLYHOLQHVQXPHULFDOVLPXODWLRQVDUHXVHGWRLQYHVWLJDWHWKHWHPSHULQJHIIHFWV7KHUHE\WKH
PHDVXUHPHQW SRVLWLRQ IRU WKH WHPSHUDWXUH SURILOH LV ORFDWHG  PLOOLPHWHU EHORZ WKH VSHFLPHQ VXUIDFH DQG 
PLOOLPHWHU DIWHU WKH VWDUWLQJ SRLQW WR HQVXUH VRPH HQWLUH IRUPLQJ RI WKH SURFHVV GHSWK DQG HOLPLQDWH VRPH
LQVWDELOLWLHVGXULQJWKHSURFHVVUDPSXS)LJVKRZVDFURVVVHFWLRQRIDQDOOR\LQJOLQHDIWHUPLOOLPHWHUSURFHVV
OHQJWKLQFOXGLQJWKHRVFLOODWLQJKHDWVRXUHZKLFKHQDEOHVVRPHFRQVLVWHQWHQHUJ\LQSXWDWLWVODWHUDODUHD7KHOHQJWK
RI WKH KHDW VRXUFH LV DGMXVWHG WR  PLOOLPHWHU LQ RUGHU WR UHDFK WKH LGHQWLFDO PHOWLQJ GHSWK DFFRUGLQJ WR WKH
H[SHULPHQWV

)LJ&URVVVHFWLRQRIWKHQXPHULFDOVLPXODWLRQGHPRQVWDWLQJWKHWHPSHUDWXUHGLVWULEXWLRQDQGWKHLVRWKHUPDOOLQHV3/ :Y6 PPV¡$
 PPI +]
$VREVHUYHGLQWKHPLFURVHFWLRQRIWKHH[SHULPHQWVWKHWKHUPDOHQHUJ\LQSXWLQWKHQXPHULFDOVLPXODWLRQZKLFK
LVIHDWXUHGE\WKHRVFLOODWLQJKHDWVRXUFHH[KLELWVDF\OLQGULFSURFHVV]RQHZLWKWHPSHUDWXUHDERYH&1H[WWR
WKH KHDW VRXUFH WHPSHUDWXUHV H[FHHG & VRWKDW D PDWHULDO HYDSRUDWLRQ FDQ EH VXSSRVHG (VSHFLDOOO\ WKH
WHPSHUDWXUHGLVWULEXWLRQLQWKHSURFHVV]RQHZKLFKIHDWXUHVVRPHF\OLQGULFGHILQHGVKDSHUHVXOWVRQWKHODWHQWKHDW
RI IXVLRQ ZKLFK LQGXFHV WKH VWRUDJH RI HQHUJ\ LQ WKH SURFHVV ]RQH0RUHRYHU WKH LVRWKHUPDO OLQHV ZKLFK KDYH
VHPLFLUFXODUVKDSHIRU WKHPRPHQWRIPHDVXUHPHQW LQGLFDWHFRQVWDQW WHPSHUDWXUHGLVWULEXWLRQ LQ WKHKHDWDIIHFWHG
]RQH ,Q GHWDLO WKH QXPHULFDO WKHUPDO VLPXODWLRQ HQDEOHV WKH WHPSHUDWXUH GHWHUPLQDWLRQ RI WKHUPDO SURFHVVHV
HVSHFLDOO\ EHORZ WKH VSHFLPHQ VXUIDFH ZKLFK UHSUHVHQWV WKH EDVLV IRU FDOFXODWLQJ WKH KROGLQJ WHPSHUDWXUHV IRU
GLIIHUHQWSURFHVVVWUDWHJLHV
)RU WKH YDOLGDWLRQ RI WKH QXPHULFDO PRGHO WKH KROGLQJ WHPSHUDWXUHV RXW RI WKH QXPHULFDO VLPXODWLRQ DQG WKH
H[SHULPHQWV DW GLIIHUHQW FRROLQJ WLPHV DUH FRPSDUHG 7KHUHIRUH WKH WHPSHUDWXUH SURILOHV DW ODVHU EHDP DOOR\LQJ
SURFHVVHVRIPXOWLSOHOLQHVDUHPRQLWRUHGDWGLIIHUHQWSRVLWLRQVLQWKHKHDWDIIHFWHGZKLFKDUHLOOXVWUDWHGLQ)LJ,Q
RUGHUWRJHWVRPHGHWDLOHGLQIRUPDWLRQDERXWWKHFRROLQJEHKDYLRUGLIIHUHQWFRROLQJWLPHVDQGSURFHVVYHORFLWLHVRI
   DQG PPV DUH SHUIRUPHG([HPSODULO\ WKH KROGLQJ WHPSHUDWXUHV XVLQJ D SURFHVV YHORFLW\ RI PPV LQ
FRPELQDWLRQZLWKVRPHFRROLQJWLPHEHWZHHQODVHUEHDPDOOR\LQJRIVXEVHTXHQWOLQHVRIDQGVHFRQGV
DUH VKRZQ7KHUHE\ WKH UHPDLQLQJGLVWDQFHRIXQPROWHQEDVHPDWHULDO EHWZHHQ WKHSRVLWLRQRI WKH WKHUPRFRXSOH
7&DQGWKHERWWRPRI WKHDOOR\LQJOLQHZDVGHWHUPLQHGE\FURVVVHFWLRQVDQGLVVSHFLILHGZLWKPLOOLPHWHU
)LJ VKRZV WKHH[SHULPHQWDOO\ LQYHVWLJDWHGDQGQXPHULFDOO\ VLPXODWHGKROGLQJ WHPSHUDWXUHV IRUYDULRXVFRROLQJ
WLPHVDWODVHUEHDPDOOR\LQJPXOWLSOHOLQHVZLWKPPVSURFHVVYHORFLWL\
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
)LJ&RPSDULVRQRIKROGLQJWHPSHUDWXUHV7+IRUGLIIHUHQWWKHUPRFRXSOH7&SRVLWLRQVVHH)LJRIH[SHULPHQWDOLQYHVWLJDWLRQVDQG
QXPHULFDOVLPXODWLRQVIRUGLIIHUHQWFRROLQJWLPHVDWODVHUEHDPDOOR\LQJRIPXOWLSOHOLQHV3/ :Y6 PPV¡$ PPI +]
¡): PPP JPY): PPV
7KHFRPSDULVRQRIWKHKROGLQJWHPSHUDWXUHRXWRIWKHQXPHULFDOVLPXODWLRQDQGWKHH[SHULPHQWDOLQYHVWLJDWLRQV
VKRZV VRPH JHQHUDO FRUUHODWLRQ RI ERWK WHPSHUDWXUH YDOXHV (VSHFLDOO\ LQ OLQH RQH VRPH KLJK FRUUHODWLRQ RI WKH
KROGLQJWHPSHUDWXUHVZLWKDPD[LPXPGHYLDWLRQRIOHVVWKDQ&LVHVWDEOLVKHG:LWKULVLQJWRWDOSURFHVVGXUDWLRQ
WKHGHYLDWLRQRI WKHKROGLQJ WHPSHUDWXUHVRI OLQH WZR VKRUWO\ LQFUHDVHV WR&DQGFDQEH DWWULEXWHG WRGLIIHUHQW
DWPRVSKHULF FRQYHFWLYH FRROLQJ FRQGLWLRQV RI WKH QXPHULFDO VLPXODWLRQ ,Q JHQHUDOO WKH FRPSOLDQFH RI WKH
WHPSHUDWXUH YDOXHV IURP WKH H[SHULPHQW DQG WKH QXPHULFDO VLPXODWLRQ FRQILUPV WKH VXLWDELOLW\ RI WKH QXPHULFDO
PRGHO IRU FDOFXODWLQJ GLIIHUHQW KROGLQJ WHPSHUDWXUHV DW VXFK ODVHU EHDP DOOR\LQJ SURFHVVHV 7KLV OHDGV WR WKH
YDOLGDWLRQ RI WKH QXPHULFDO PRGHO 7KXV WKH QXPHULFDO VLPXODWLRQ VOLJKWO\ XQGHUUDWHV WKH KROGLQJ WHPSHUDWXUH
FRPSDUHGWRH[SHULPHQWDOPHDVXUHPHQWVEXWVRPHTXDOLWDWLYHFRUUHODWLRQRIWKHWHPSHUDWXUHVLVJLYHQ'HSHQGLQJ
RQWKHFRROLQJWLPHZKLFKJHQHUDOO\UHVXOWVRXWRIWKHUHSRVLWLRQLQJSURFHVVWRWKHUHVDUWLQJSRLQWRIWKHVXEVHTXHQW
OLQHWKHKROGLQJWHPSHUDWXUHGHFUHDVHVZLWKULVLQJFRROLQJWLPH$VWKHQXPEHURIDOOR\HGWUDFNVULVHVWKHUHVXOWLQJ
KROGLQJWHPSHUDWXUHLQFHDVHVGHVSLWHFRQWLQXRXVFRROLQJWLPH7KLVFDQEHDWWULEXWHGWRWKHIDFWWKDWWKHVSHFLPHQ
WHPSHUDWXUHLQFUHDVHVEHFDXVHVRPHKROGLQJWHPSHUDWXUHUHPDLQVDQGQRFRPSOHWHFRROLQJWRURRPWHPSHUDWXUHLV
HQDEOHG(VSHFLDOO\WKHKROGLQJWHPSHUDWXUHRIWKHPRGLILHGVWUXFWXUHRIOLQHRQHLVFRQVLGHUHGDVFULWLFDOEHFDXVHRI
VRPHUDSLGO\FRROLQJLQFRPELQDWLRQZLWKVRPHORZEDVLFWHPSHUDWXUHRIWKHVSHFLPHQ
(VSHFLDOO\ WKH FRROLQJ EHKDYLRU RI WKH ILUVW OLQH LQIOXHQFHV WKH GRZQVWUHDPHG FKDQJHV RI WKH PLFURVWUXFWXUH
ZKLFK UHVXOWV LQ GLIIHUHQW FKDUDFWHULVWLFV RI PHFKDQLFDO SURSHUWLHV ,Q RUGHU WR LQYHVWLJDWH WKHVH PHWDOOXUJLFDO
SURSHUWLHV LQ GHSHQGHQFH RI WKH SURFHVV VWUDWHJ\ WKH WHPSHUDWXUH SURILOH LQ WKH KHDW DIIHFWHG ]RQH LQFOXGLQJ WKH
KROGLQJWHPSHUDWXUHDUHVKRZQLQ)LJ7KHWHPSHUDWXUHSURILOHRXWRIWKHQXPHULFDOVLPXODWLRQLVGHWHUPLQHGRXW
RIOLQHRQHLQGHWDLODWWKHSRVLWLRQRIWKHKDUGQHVVQRWFK
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
)LJ  1XPHULFDOO\ FDOFXODWHG WHPSHUDWXUH SURILOH GXULQJ ODVHU EHDP DOOR\LQJ RI WKH VHFRQG OLQH 7KH SRVLWLRQ LV ORFDWHG LQ OLQH RQH DW WKH
KDUGQHVVQRWFKPLOOLPHWHUEHORZWKHVSHFLPHQVXUIDFH3/ :Y6 PPV¡$ PPI +]
7KH FRPSDULVRQRI WKH WHPSHUDWXUHSURILOH RXW RI WKH QXPHULFDO VLPXODWLRQ VKRZVERWK WKHGHILQHG FRROLQJ WR
URRP WKHPSHUDWXUHEHIRUH WKH DOOR\HGPLFURVWUXFWXUH LV UHZDUPHG WR WHPSHUDWXUHVRI DERXW& DVZHOO DV WKH
UHZDUPLQJDWUHDFKLQJDQKROGLQJWHPSHUDWXUHRIDERXW&(VSHFLDOO\WKHVWHDG\FRROLQJWRURRPWHPSHUDWXUH
HQDEOHVWKHSUHFLSLWDWLRQRIFDUERQIURPWKHPDUWHQVLWHSKDVHDQGIRUPVİFDUELGHVWKXVWKHGLVWRUWLRQRIWKHODWWLFH
LVUHGXFHG7KHUHE\WKHWHWUDJRQDOPDUWHQVLWHWUDQVIRUPVWROHVVGLVWRUWHGFXELFPDUWHQVLWHZKLFKUHVXOWVLQKDUGQHVV
YDOXHVRIDERXW+9VHH)LJULJKW,IVRPHKROGLQJWHPSHUDWXUHRIDERXW&LQSUHYLRXVOLQHVFDQEH
HQVXUHG QR WHPSHULQJ HIIHFW RI WKH ILUVW OLQH LV YLVLEOH EHFDXVH WKH WHPSHUDWXUH UDQJHEHWZHHQ& DQG URRP
WHPSHUDWXUH LVRPLWWHG7KHUHE\ WKHUHPDLQLQJ WLPHIRU WKHSUHFLSLWDWLRQRIVHJJUHJDWLRQVHVSHFLDOO\GXULQJVWDG\
FRROLQJ LV VLJQLILFDQWO\ UHGXFHG &RQVHTXHQWO\ WKH GHEDVHPHQW RI WKH PHFKDQLFDO SURSHUWLHV LQGXFHG E\ VRPH
WHPSHULQJHIIHFWFDQEHSUHYHQW,QRUGHUWRVXEVWDQWLDWHDSUHFLVHYDOXHWKHKROGLQJWHPSHUDWXUHPXVWEHSUHVHUYHG
DERYH WKH FULWLFDO WHPSHUDWXUH YDOXHRI&ZKLFK LV DOVR QDPHG WHPSHULQJJUDGHRQH7KHUHIRUH WKH FRROLQJ
EHKDYLRULQGHSHQGDQFHRQWKHVSHFLILFKHDWFDSDFLW\LVVLPXODWHGQXPHULFDOO\WRFDOFXODWHWKHPD[LPDOSURFHVVWLPH
RUDOOR\LQJGLVWDQFHZKHUHDWVRPHFRROLQJXQGHUVSHFLILFKROGLQJWHPSHUDWXUHYDOXHVXQWLOWKHSURFHVVLVUHVWDUWHGDW
WKH IROORZLQJ SDUDOOHO OLQH LV DYRLGHG (VSHFLDOO\ WKH WHPSHULQJ LQWHUYDOO EHWZHHQ URRP WHPSHUDWXUH DQG &
LQGXFHVVRPHPLFURVWUXFWXUHPRGLILFDWLRQZKLFKUHGXFHV WKHKDUGQHVVVLJQLILFDQWO\7KHUHIRUH WKHIHDVLEOHHQHUJ\
LQSXWSHUXQLWOHQJWKRIWKHRVFLOODWLRQJHRPHWU\LQGHSHQGHQFHRQWKHSURFHVVGLVWDQFHLVFDOFXODWHGQXPHULFDOO\WR
SUHYHQWVRPHWHPSHUDWXUHXQGHUUDQJHDFFRUGLQJWRWKHW\SLFDOWHPSHUDWXUHVRIYDULRXVWHPSHULQJVWHSVVHH)LJ
7KHUHE\ WKH SURFHVV WLPH LV FRPSRVHG WR WKH DOOR\LQJ WLPH LQ GHSHQGHQFH RI WKH SURFHVV GLVWDQFH DW D SURFHVV
YHORFLW\RIPPVSOXVVHFRQGVIRUSUHSRVLWLRQLQJWRWKHUHVWDUWSRVLWLRQRIWKHIROORZLQJOLQH

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)LJ1XPHULFDO'DWDRIWKHQHFHVVDU\HQHUJ\LQSXWSHUXQLWOHQJWKLQGHSHQGHQFHRQWKHSURFHVVGLVWDQFHDQG±WLPHWRNHHSWKHPLFURVWUXFWXUH
RQVRPHVSHFLILFKROGLQJWHPSHUDWXUH3/ :Y6 PPV¡$ PPI +]
7KHQHFHVVDU\HQHUJ\LQSXWSHUXQLW OHQJWKWRUHDFKVRPHVSHFLILFKROGLQJWHPSHUDWXUHVLVDERXWKLJKHUDW
VKRUWSURFHVVGLVWDQFHVRIDERXWPLOOLPHWHUFRPSDUHGWRSURFHVVGLVWDQFHVRIDERXWPLOOLPHWHUZKHUHDORFDO
PLQLPXP LV IRUPHG 7KLV FDQ EH DWWULEXWHG WR WKH IDFW WKDW WKH VSHFLILF KHDW FDSDFLW\ RI WKH VSHFLPHQ LV QRW
FRPSOHWHO\ UHDFKHG DIWHU VXFK VKRUW SURFHVV WLPHV RI DERXW  PLOOLPHWHU )XUWKHUPRUH WKH WKHUPDO FRQGXFWLYLW\
LQGXFHVVRPHVSUHDGRIWKHKHDWLQWRWKHVSHFLPHQXQWLOWKHVSHFLPHQLVKHDWHGFRPSOHWHO\DQGUHDFKHGLWVPD[LPDO
HIIHFWLYH KHDW FDSDFLW\:LWK LQFUHDVLQJ SURFHVV GLVWDQFHV XS WR PLOOLPHWHU WKH HQHUJ\ LQSXW SHU XQLW OHQJWK
LQFUHDVHVZKLFKLVVXSSRVHGWRWKHLQFUHDVLQJFRROLQJWLPHRIWKHVSHFLPHQ7KHFXUYHRIWKHQHFHVVDU\HQHUJ\LQSXW
SHUXQLW OHQJWKDFFRUGLQJWRGLIIHUHQWSURFHVVGLVWDQFHVWLPHVFDQEHVHHQDVLQGXFDWLYHYDOXHE\NQRZLQJWKDWQR
VKLHOGLQJJDVDQGQRKHDWGLVVLSDWLRQE\WKHFODPSLQJGHYLFHLVLPSOHPHQWHGLQWKHQXPHULFDOVLPXODWLRQ7KLVIDFW
FDQDGGLWLRQDOO\LQFUHDVHWKHFRROLQJUDWHLQWKHH[SHULPHQWDQGLQGXFHVPDOOGLIIHUHQFHVLQWKHFRROLQJEHKDYLRXU,Q
RUGHUWRDYRLGVRPHJHQHUDOWKHUPDOLQIOXHQFHRIDOUHDG\PRGLILHGPLFURVWUXFWXUHWKHPLQLPDOKROGLQJWHPSHUDWXUH
RIDERXW&PXVWUHPDLQLQWKHVSHFLPHQWRDYRLGVRPHWHPSHULQJF\FOHV(VSHFLDOO\WKHVHJUHJDWLRQRIFDUERQ
DWODWWLFHGHIHFWVZKLFKKDSSHQVDWWHPSHULQJVWHSDVZHOODVWKHIRUPDWLRQRIİFDUELGHVLQWHPSHULQJVWHSPXVW
EHPLQLPL]HG
'XH WR WKH IDFW WKDW RQO\ VPDOO DUHDV RI KLJK VWUHVVHG WRRO VXUIDFHV DUH DOOR\HG WKH PD[LPXP QXPHULFDOO\
FDOFXODWHG SURFHVV OHQJWK UDQJHV LQ WKH JLYHQ SURFHVV GLVWDQFHV ZKLFK LV D FRPPRQ SURFHVV OHQJWK IRU VXFK
SURFHVVHV ,Q JHQHUDO WKH UHVXOWV RI WKH QXPHULFDO VLPXODWLRQ UHSUHVHQW WKHPLQLDO UHTXLUHG HQHUJ\ LQSXW SHU XQLW
OHQJWKWRDYRLGVRPHWHPSHUDWXUHVEHORZVSHFLILFWHPSHULQJYDOXHV&RQVHTXHQWO\WKHQXPHULFDOPRGHOHQDEOHVWKH
HVWLPDWLRQ RI WKH QHFHVVDU\ HQHUJ\ LQSXW SHU XQLW OHQJWK WR REWDLQ D ILQDO SURFHVV VWUDWHJ\ WR FRQWUROO WKH
VSDWLRWHPSRUDOHQHUJ\LQSXW
&RQFOXVLRQ
7KHLQYHVWLJDWLRQVSUHVHQWHGLQ WKLVSDSHUVKRZH[SHULPHQWDODQGQXPHULFDO UHVXOWVUHJDUGLQJ WKH LQIOXHQFHVRI
GLIIHUHQWSURFHVVVWUDWHJLHVRQ WKHFRROLQJEHKDYLRUDQG WKH WKHLU UHVXOWLQJPHWDOOXUJLFDOPLFURVWUXFWXUHRI ODPLQDU
DOOR\HGWRROVXUIDFHV,QGHSHGDQFHRQWKHDOOR\LQJVWUDWHJ\WKHFRROLQJWLPHXQWLOWKHUHVWDUWRIWKHFRQVHFXWLYHOLQHV
PDLQO\ LQIOXHQFHV WKHPHWDOOXUJLFDODQGPHFKDQLFDOSURSHUWLHVRISUHYLRXVDOOR\HG OLQHVZKLFK OHDGV WRGHFUHDVHG
KDUGQHVVSURILOHVLIVRPHFRROLQJWRURRPWHPSHUDWXUHKDSSHQV,QRUGHUWRDYRLGVRPHWHPSHULQJHIIHFWVLQGXFHG
E\ WKHUPDO HQHUJ\ LQSXW RI FRQVHFXWLYH OLQHV GLIIHUHQW SURFHVV VWUDWHJLHV DUH LQYHVWLJDWHG UHJDUGLQJ WKHLU
VSDWLRWHPSHURUDO HQHUJ\ LQSXW LQWRKHDW DIIHFWHG]RQHV7KHUHIRUH VRPHQXPHULFDO VLPXODWLRQ LQFOXGLQJ WKHSKDVH
WUDQVLWLRQ RI ILUVW RUGHU LV LPSOHPHQWHG WR FDOFXODWH WKH VSHFLILF SURFHVV SDUDPHWHUV ZKLFK DYRLG VRPH WKHUPDO
LQIOXHQFHRI DGMDFHQW DOOR\HGPLFURVWUXFWXUH%DVHGRQ WKH UHVXOWV RI WKH WKHUPDO VLPXODWLRQ WKH UHTXLUHG HQHUJ\
LQSXWSHUXQLW OHQJWKIRUYDULRXVSURFHVV ILHOGVL]HV LV LGHQWLILHGZKLFK LVQHFHVVDU\ WRDYRLGVRPHFRROLQJXQGHU
VSHFLILFWHPSHUDWXUHYDOXHVXQWLOWKHSURFHVVLVUHVWDUWHGDWWKHIROORZLQJSDUDOOHOOLQH

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